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Is Triodia nubifer (Lepidoptera, Hepialidae) the only 
pre- or interglacial relic species of Lepidoptera 
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Abstract. Earlier we supposed that relatively thermophy- 
lous nemoral and subnemoral Lepidoptera species could not 
survive during the Pleistocene climate coolings in Altai. Pres- 
ence in the Altai foothills and Gornaya Shoria Mts. of an 
endemic Hepialidae species, Triodia nubifer (Lederer, 1853), 
challenges this statement. We suppose that extinctions dur- 
ing the Pleistocene climate coolings first of all concerned 
those nemoral insect species which developed openly on 
plants while species with ground-dwelling larvae, as in 
T. nubifer, could survive. This view is supported by pres- 
ence in the Altai foothills of endemic subnemoral pedobiotic 
species in other groups, such as ground beetles and ground 
worms. 


Pesrome. Pavee Obiio cyeaHo NpeqnosoxeHe, 4TO TelI- 
JOMIOOMBbIC HEMOPaJIbHble H CyOHeMOpasIbHble BUbI Uellly- 
€KPBbUIBIX H€ MOTIM BbDKHTb BO BPeMA IIeHCTOLMCHOBBIX OJIe- 
eHeHui B ropax Anta. [Ipucyrcrsue B ipeyzropbax Astras 
B Topxott Wlopuu sHqemHuHoro Bua YeLllyeKpblIbIxX —TOH- 
KoupsyoB (Hepialidae), Triodia nubifer (Lederer, 1853), Ha 
HepBbIii B3AL, NpPOTHBOpeyHT STOMy yTBep»xZeHHIO. Mor 
lipeytiosaraeM, YTO BbIMHpaHHIO BO BPeMsA IJIelCTOLCHOBbIX 
HOXOMOLAHHK JOIKHbI ObLIM MOABepraTbed Wpexye Bcero Te 
HeMOPaJIbHble BH{bl HACCKOMBIX, KOTOPble OTKPbITO pa3BHBa- 
IOTCA Ha pacteHuax. Hanporu, BUI CO CKPbITHOXKHBYLIMMU 
B ouBe ryceHuyjamy, Kak y 7. nubifer, MOrM BbDKMBaTb. STO 
TIpequoNokeHve NOLepKuBaeTcA OOMTAHHeM B IIpesxroppax 
3anaqHoro Antas cyOHeMopaJIbHBIxX reOOMOHTHBIX BH {OB B J[py- 
THX Ppyiax 2KMBOTHBIX, HallpHMep, Cpe TOK TeBbIx YepBell. 


Intriduction 


In 2010 —2011, Dubatolov and Knyazev [2011] un- 
dertook a study of distribution and morphology of a 
little-known representative of the Hepialidae family de- 


scribed from West Altai, Triodia nubifer (Lederer, 1853) 
(Fig. 1-3). This species has been first collected by 
A. Kindermann in West Altai foothills, between Ust’- 
Kamenogorsk and Ust’-Bukhtarminsk (Kazakhstan) and 
described in the first paper devoted to Lepidoptera of 
Altai [Lederer, 1853]. Although T. nubifer was included 
into all relevant catalogues and atlases of early XX 
century, its diagnostic characters, generic attribution, 
position in the genus and the range remained unclear. 
Only one and half century after description, Nielsen et 
al. [2000] studied the type series and attributed the 
species to the genus Triodia Hiibner, [1820]. Duba- 
tolov, Knyazev [2011] clarified the species range and 
described in detail its morphological characters and 
differences from related species, which were not con- 
sidered by Nielsen et al. [2000]. 

The results of this study lead us to a supposition 
that this species is the only subnemoral lepidopteran in 
Altai which does not fit the hypothesis of their relative- 
ly recent recolonization [Dubatolov, Kosterin, 2000]. 
This point of view is substantiated below. 


Subnemoral species of Lepidoptera in 
Siberia in the context of the problem of the 
classification and origin of Siberian forests 


Consideration of coenotic connection of T. nubifer 
is difficult because of the lack of unified classification 
of Siberian forests and internationally accepted nomen- 
clature of their types. Generally, an international reader 
is not familiar with vegetation of the vast territory of 
Siberia, which is quite peculiar. 


Is Triodia nubifer the only pre- or interglacial relic species? 
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Figs 1-3. Triodia nubifer (Lederer), topotypes, male (1) and 
female (2), from coll. Eversmann in Zoological Institute, St. 
Petersburg, Russia; male genitalia (3), Russia, Altaiskii Krai, 
Krasnostshekovo. 

Puc. 1-3. Triodia nubifer (Lederer), tonorumpr, camey (1) 
u camka (2), u3 KoAAeKyuu 9. OBepcmanHa, 3ooaormueckuit 
uucturyT, Caxxt-Ilerep6ypr, Poccua; rexuraauu camya (3), 
Poccua, AatavicKkun Kpau, KpacHomjeéKoso. 


The term «nemoral» refer to plant and animals spe- 
cies associated with broad-leaved forests of the tem- 
perate zone of Northern Hemisphere. However, not all 
trees called broad-leaved in English can be considered 
nemoral. Such trees as birch, poplars (mostly aspen, 
Populus tremula) and willows co-exist with conifers as 
subdominants in the boreal zone and may exclude them 
completely. As well as conifers, they are usually con- 
sidered among boreal tree species and in Russian liter- 
ature are often called «small-leaved trees» (in spite of 
their leaves not necessarily being small), while the term 
«broad-leaved» is reserved for truly nemoral (temper- 
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ate) trees and forests of oaks, ashes, elms, lindens, 
hornbeams, etc. [reviewed in: Dubatolov, Kosterin, 2000]. 
The forests of Siberia are almost exclusively represent- 
ed by coniferous or taiga forests, mixed coniferous/ 
birch(/aspen) and, in the south, pure birch/aspen for- 
ests. The two latter forest types were recently very 
broadly classified, in a geographical sense, as hemibo- 
real forests, to distinghush them from the boreal forests 
per se (taiga) [Ermakov et al., 2000], although their bore- 
al floristic component is actually very scarce, if any 
(N.N. Lashchinskiy, pers. comm.) . The nemoral broad- 
leaved (temperate) trees are either absent from Siberia 
or confined to very few relic isolates [Dubatolov, Kos- 
terin 2000; Koropachinskiy, Vstovskaya, 2002]. Pres- 
ently the Altai-Sayan Mountain System completely lacks 
such broad-leaved trees as oaks, ashes, hornbeams, 
alder (except for the bushy Dushekia fruticosa which is 
not nemoral and is present in high mountains). Elms are 
represented by Ulmus pumila s.\. forming groves only 
in southern, steppe-desert foothills. Linden (Tilia sibir- 
ica ) forests are found only in an isolate in Gornaya 
Shoria Mts. in Kemerovo Province, colloquially known 
as «the linden island» [Kuminova, 1951, 1957, 1960; 
Khlonov, 1965; Ermakov, 1998; Ermakov et al., 2000; 
Novak et al., 2014]; besides, linden occurs as an admix- 
ture to mixed forests near Krasnoyarsk. The so-called 
«chernevaya taiga», with domination of Siberian fir 
(Abies sibirica) and aspen (Populus tremula), which 
occupies the most humid western foothills of Altai Mts. 
and Kuznetskoe Upland (including Gornaya Shoria Mts. 
where it embraces patches of linden forests) is consid- 
ered a direct derivative and ecological analog of nemor- 
al forest communities and was termed subnemoral for- 
est [Ermakov, 1998]. (In a recent paper by Novak et al. 
[2014], chernevaya tayga and the Shorian linden forests 
are considered broadly among hemiboreal forests, al- 
though they completely miss boreal species in herbage, 
while the Siberian fir can hardly be called a boreal spe- 
cies as well). 

Since mid—XX century, some thermo- and hygro- 
philous species of plants and animals presently exist- 
ing in the Altai-Sayan Mountain System in isolation 
from their main ranges have been repeatedly sup- 
posed to be «Tertiary relicts» persisting in these plac- 
es since the Tertiary Period [Kuminova, 1951, 1957, 
1960; Peshkova 1984; Polozhii, Krapivkina, 1985; Bely- 
shev, Haritonov, 1978, 1981; Mikkola, 1987]. Thus, 
Kuminova [1951, 1957] attracted attention to a number 
of nemoral species of herbaceus plants (such as Asarum 
europaeum L., Asperula odorata L., Circaea luteti- 
ana L., Festuca gigantea (L.) Vill., etc.) occurring, as 
well as linden, in the Kuznetsk Upland in isolation 
from their main European ranges and supposed them 
to exist there since preglacial times [Khlonov, 1965]. 
Walter and Straka [1970] supposedly dated these iso- 
late to the last interglaciation, and only Reverdatto 
[1940] supposed these nemoral species to reach their 
current Siberian isolated position as recently as in the 
Holocene. It is noteworthy that the mentioned areas 
are free from animal species obligatorily connected to 
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nemoral forests. The Lepidoptera species which may 
be called subnemoral inhabiting western and northern 
foothills of the Altai-Sayan Mountain System have 
been reviewed by Dubatolov, Kosterin [2000]. In the 
cited work, arguments have been put forward that 
these species could not have survived the Pleistocene 
climate coolings in this region in situ: 

— (i) environment of the open taiga/cryophyte forest- 
steppe as reconstructed for the region for the glacial 
times by paleopalinological methods was too harsh 
for such relatively thermophylous species, and 

— (ii) there areno species endemic for this area among 
nemoral and subnemoral Lepidoptera; some species 
are represented by endemic subspecies at most (like 
Limenitis helmanni helmanni Lederer, 1853, L. sydyi 
sydyi Lederer, 1853, Mellicta plotina standeli 
Dubatolov, 1997, Acronicta major atritaigensa 
Dubatolov et Zolotarenko, 1996). 

Therefore, the species considered should have ar- 
rived to the Altai-Sayan Mountain System in post- 
glacial time, the Holocene. The Altai-Sayan isolates of 
some subnemoral species were supposed to be rem- 
nants of the contiguous trans-Siberian ranges which 
existed at the Atlantic time (the so-called climatic Opti- 
mum of the Holocene) about 8 thousand years ago 
[Dubatolov, Kosterin, 2000]. It is noteworthy that dur- 
ing last decades, West Siberia has been colonized from 
the west by additional subnemoral species: Maniola 
jurtina (Linnaeus, 1758) [Knyazev, Kosterin, 2003; Ko- 
sterin et al., 2007], Argyronome laodice (Pallas, 1771) 
[Kosterin et al., 2007], and Apatura iris (Linnaeus, 1758) 
[Kosterin et al., 2007; Ivonin et al., 2012], the latter 
having penetrated up to the north-western Altai [Yak- 
ovlev et al., 2014]. This colonization is most probably 
being driven by the recent climate warming, thus show- 
ing how fast southern West Siberia may become en- 
riched with subnemoral lepidopteran species. 


Triodia nubifer as a subnemoral species 


The range of Triodia nubifer is restricted to the 
foothills of West Altai and the so-called «linden is- 
land» of Gornaya Shoria Mts (Fig. 4) [Dubatolov, Kn- 
yazev, 2011] (Fig. 4). This is exactly the territory where 
Kuminova [1951] revealed elements of herb and bush 
flora of the European nemoral forests. Most of the 
T. nubifer range is occupied by the subnemoral fir/ 
aspen «chernevaya taiga», while in «the linden island» 
nearly pure stands of linden occur. So, 7. nubifer is 
pertained to most warm and humid areas of the moun- 
tain system and may be characterized as subnemoral, 
rather thermo- and hydrophilic species. 


Timing of the arrival of the ancestors 
of T. nubifer to its recent range 


In its morphology, 7. nubifer quite differs from oth- 
er species of the genus Triodia Hubner, [1820] and has 
no close relatives [Dubatolov, Knyazev, 2011]. Most of 
other representatives of the genus, forming several spe- 
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cies groups, range from Balkans in South-Eastern Eu- 
rope via Asia Minor and the Caucasus to Western 
Kopetdagh Mts. in Turkmenistan and probably to 
Uzbekistan (Fergana); only the type species 7. sylvina 
(Linnaeus, 1761), enjoys west-central Palaearctic distri- 
bution from England and Spain east to Lake Baikal [de 
Freina, Witt, 1990; Sinev, Zolotuhin, 2008]. 

Formation of a new species is thought to take not 
less than 1,000—50,000 years [Zimmerman, 1960; Clarke 
et al., 2001]. However, the known species of Triodia 
differ substantially among each other (including from 
T. nubifer) in the genitalia structure, at the level corre- 
sponding to that observed in a number of vicariant 
East-Asian/North American pairs of nemoral Lepi- 
doptera species which have diverged not later than the 
Pliocene [Dubatolov, Kosterin, 2000]. Very preliminari- 
ly, we may estimate the time of divergence of Triodia 
species as not less than one million years ago, that is 
the warm and humid time when the ancestor of T. nubi- 
fer reached Altai could be quite remote, up to the Neo- 
gene. Most likely, 7. nubifer had been inhabiting the 
Altai foothills or adjacent regions for not less than 
several hundred of thousand years. This means that it 
survived one or more glacial times. The Holocene mi- 
gration of this species to Altai through arid and semiar- 
id territories seems to be very unlikely. Note that related 
species of Triodia Hiibner are absent from Saur-Tar- 
bagatai Mts., separated from Altai by the arid Alakol 
Depression, and Tien Shan Mts., including the Dzhun- 
garian Alatau, separated from the Saur-Tarbagatai Mts. 
by an arid depression of Dzungar Gates, although all 
these mountains are inhabited by such a subnemoral 
species as Limenitis helmanni Lederer, 1853 (but not 
L. sydyi Lederer, 1853!) (Lepidoptera, Nymphalidae) also 
present in Altai [Lukhtanov, Lukhtanov, 1984; Duba- 
tolov, Kosterin, 2000]. 


The reason of persistence of a Triodia in 
the Altai-Sayan Mountain System through 
the Pleitocene 


The above considerations seem to lead to a contra- 
diction between inability of existence ofa refugium for 
nemoral and subnemoral flora and fauna in the Altai 
foothills during the Pleistocene climate coolings, pro- 
posed by Dubatolov, Kosterin [2000], and the sup- 
posed persistence of 7. nubifer in Altai, where it had to 
survive the Pleistocene glaciations. It should be how- 
ever noted that all nemoral and subnemoral species 
analyzed by Dubatolov, Kosterin [2000] were species 
which develop openly on vegetation. R. Yu. Dudko kind- 
ly attracted our attention to several species of ground 
beetles which are endemics of West Altai and are well 
divergent from their relatives [Dudko, 2011]. These spe- 
cies should have persisted in the Altai Mts. during the 
Pleistocene coolings and could not get there recently 
from elsewhere. Thus, factors which have eradicated 
thermophylous, openly developing from Altai could be 
less crucial for ground insects able to hide in the soil 
upper level. 


Is Triodia nubifer the only pre- or interglacial relic species? 


Situation with pedobiotic invertebrates in West Al- 
tai in general looks quite different from that with sub- 
nemoral Lepidoptera considered by Dubatolov, Koster- 
in [2000]. For instance, the local fauna of earthworms 
(Megadrilacea, Oligochaeta, Annelida) includes a num- 
ber of endemic species from the genus Eisenia Malm, 
1877, Lumbricidae [Perel, 1979, 1984, 1985; Vsevolodo- 
va-Perel, 1997; Blakemore, 2008], like the large E. mag- 
nifica (Svetlov, 1957), the species with a range in West 
Altai nearly coinciding with that of Triodia nubifer 
(Fig. 4). Such local endemic species should have sur- 
vived the Pleistocene coolings in situ. That is, among 
relatively thermophylous animals, pedobiotic ones had 
more chances to survive in West Altai during the gla- 
cial times than openly living ones. Here one should 
note that the caterpillars of temperate species of moths 
of the family Hepialidae, to which 7. nubifer belongs, 
inhabit soils [Gerasimov, 1952], that is also belong to 
those pedobionts which should have suffer from cli- 
mate coolings the least. 

Which environmental factors could be most peril- 
ous for the thermophylous fauna in the Altai western 
foothills during the glacial times? The most effective of 
them could be occasional, sudden and perhaps pro- 
longed frosts in summer. During glacial times, the high 
mountains of Central Altai were occupied by a huge 
glacier [Dubinkin, Adamenko, 1968; Okishev, Petkevich, 
1988]. In the Middle Pleistocene, when glaciation of 
Altai reached its maximum, the Ukok Plateau supported 
an ice shield; the mountains of Upper Biya basin were 
covered with ice coat, while intermontane depressions 
of Central and East Altai were filled with ice [Chernov et 
al., 1998]. Such glaciers must have affected the climate 
of the surrounding territory through occasional cold 
winds. The sudden summer frosts could kill insects 
living openly on vegetation, especially larvae which are 
unable to actively move and hide. Herpetobiotic insects 
could easily hide and survive frosts in the soil upper 
level and under stones. At the same time the pedo- 
bionts, including Hepialidae larvae, should be the least 
vulnerable to sudden frosts. In Hepialidae, the imaginal 
phase has a short lifespan, so the moth could be able to 
complete the most vulnerable life cycle stage during 
frostless periods; besides, the moths are able of active 
search for shelters. At the same time, the soil-inhabited 
caterpillars of Triodia nubifer should not have been 
affected at all. Note that because of a very thick snow 
cover in Gornaya Shoria, the soils in «linden island» do 
not freeze in winter allowing round the year activity of 
pedobionts. 


Conclusions 


1. Triodia nubifer (Lederer, 1853) (Lepidoptera, Hep- 
ialidae) is the only hitherto revealed autochtonous sub- 
nemoral species of Lepidoptera in the Altai-Sayan Moun- 
tain System which survived one or more climate coolings 
of the Pleistocene. 

2. Nemoral/subnemoral Lepidoptera with openly liv- 
ing larvae, being quite thermophylous, were unable to 


Fig. 4. Distribution of Triodia nubifer (Lederer) (black 
circles) and Eisenia magnifica (Svetlov), Lumbricidae, Annelida 
(gray field and a circle), by Perel, 1984, updated by materials 
of the Institute of Systematics and Ecology of Animals, 
Novosibirsk, Russia. 

Puc. 4. Pacnpocrpanenne Triodia nubifer (Lederer) (4épxsie 
Kpyxku) Eisenia magnifica (Svetlov), Lumbricidae, Annelida 
(cepoe moae u KpyxKoK), mo: Tlepean, 1984, AomoaHeHO m0 
Matepuasam Vincrutyta cucremaTuku uM SKOAOTMM >KMBOTHBIX 


CO PAH, Hosocn6upex, Poccus. 


survive the climate coolings in this area. At the same 
time, the glacial times were not so ruinous for herpeto- 
biotic and especially pedobiotic nemoral/subnemoral 
species. 

3. Sudden summer frosts probably were the main 
factor which eliminated the subnemoral Lepidoptera 
with openly living larvae from the Altai foothills during 
the glacial times. 
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